SUMMARY:
A single intraperitoneal injection of 3-acetyl pyridine produces, within 24 hours of administration, signs of cerebellar ataxia and damage to the medulla oblongata and to the climbing fibers of the cerebellum. These changes are accompanied by changes in the concentration of certain amino acids in the appropriate areas. Glutamic acid is decreased in cerebellum, medulla, cortex, striatum, hippocampus, retina and olfactory 
INTRODUCTION
A progressive familial form of cerebellar ataxia involving degeneration of the olives and cerebellum, (olivocerebellar atrophy, OCA) was first described by Holmes in 1907. Pathological changes in the condition include atrophy of the inferior olives and olivocerebellar connections. Isolated cases involving degeneration of the posterior columns and the spinocerebellar tracts or corticospinal tracts provide a connecting link between these cases and those of Friedreich's ataxia.
In experimental animals, a single intraperitoneal injection of 3-acetyl pyridine produces, within 24 hours of administration, signs of cerebellar ataxia and pathological changes in comparable areas of brain to those affected in OCA (Desclin & Escubi, 1974) . We have investigated this model of experimental ataxia with reference to changes in levels of 6 key cerebral amino acids, 5 of which have been implicated as possible neurotransmitters in the central nervous system.
MATERIALS AND METHODS
Adult male Sprague-Dawley rats weighing 275-300 g were injected intraperitoneally with a solution of 3-acetyl pyridine in saline at a dosage of 75 mg per kg. Control animals received equivalent volumes of saline. Three days following treatment, the animals were sacrificed, brains quickly removed and dissected on ice into the following regions: cerebral cortex, hippocampus, striatum, hypothalamus, midbrain, cerebellum, medulla oblongata and olfactory bulbs. Both retinae were removed and all nervous tissue was stored in liquid nitrogen until the time of assay. Regions were separately homogenised in 10 vol. perchloric acid 0.48 M and the amino acids GABA, glycine, glutamine, aspartic acid, glutamic acid and taurine assayed by the dansyl micro-assay technique as described by Joseph and Halliday (1975) . Radiolabeled 14 C-glycine, glutamine. aspartic acid, glutamic acid, taurine and 3 H-dansyl chloride were purchased from New England Nuclear, 14 C-GABA from Amersham-Searle and 3-acetyl pyridine from Aldrich Chemical Co. Micropolyamide t.l.c. plates were purchased from Schleicher and Schuell. All solvents were reagent grade and doubledistilled deionised water was used throughout.
RESULTS
As early as 7-8 hours after injection of 3-acetyl pyridine, rats showed signs of loss of balance and ataxia. In addition, many had respiratory difficulties. Muscle power, however, did not appear to be affected. The effect of 3-acetyl pyridine administration on brain and retinal amino acids is shown in Tables 1 and 2.
Glutamic acid levels were found to be significantly decreased in many brain regions; medulla oblongata, cerebellum, cerebral cortex, striatum, hippocampus and olfactory bulbs. On the other hand, the amino acid taurine was depleted only in medulla oblongata and cerebellum (Table 1) . No change in GABA, glycine or aspartic acid were found in any of the brain regions studied, following 3-acetyl pyridine treatment. Table 2 demonstrates a highly significant (p < 0.001) decrease in reti-THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES nal aspartic acid accompanied by a less severe but statistically significant (p<0.05) depletion of glutamic acid. In the case of retina, no changes were observed in the levels of GABA, glycine, glutamine and taurine following 3-acetyl pyridine treatment.
DISCUSSION Microscopic examination of the central nervous system of 3-acetyl pyridine treated rats reveals highly reproducible grey matter lesions detectable as early as 7 hours after a single injection (Desclin and Escubi, 1974) . Total destruction of the inferior olivary complex and an almost complete destruction of the nucleus ambiguus is observed and fiber tracts originating in these structures contain degenerating fibers. The degenerating fibers originating in the inferior olives were found to follow olivocerebellar tracts. Cerebellar climbing fibers were selectively destroyed. In addition, smaller discrete lesions were detected in the substantia nigra, the nucleus of the basal optic root and the nucleus dorsalis of the raphe in the midbrain.
The existence of multiple lesions in the medulla was confirmed biochemically (Table 1) ; both taurine and glutamic acid levels being severely depleted in the medulla oblongata of rats receiving 3-acetyl pyridine when compared to saline-treated controls. This result contrasts with that of Nadi et al. (1977) , who found increased aspartic and glutamic acids. In the latter
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case, however, amino acids were measured 21 days after injection of 3-acetyl pyridine.
In the cerebellum, only climbing fibers appear to be affected by 3-acetyl pyridine injections. Degeneration of these fibers is very rapid, and clearing of degenerated tissue has been found to be complete 72 hrs after treatment (Desclin and Escubi, 1974) . Both taurine and glutamic acid were found by us to be decreased in cerebellum. This observation is of particular interest as there is evidence that both amino acids may function as neurotransmitters in that part of the brain. The amino acid glutamine was found to be increased. A decreased concentration of taurine accompanied by increased glutamine levels in the cerebellum of rats treated with 3-acetyl pyridine is in agreement with the findings of Perry et al. (1976) , who studied the compounds' effects on the levels of the ten most abundant amino acids in rat cerebellum. These workers, however, found only slight decreases in cerebellar glutamate in contrast to the rather marked decreased found by us (Table 1) . This difference may possibly be due to the fact that our animals were sacrificed 3 days following 3-acetyl pyridine whereas those of Perry et al. (1976) were sacrificed at various times ranging from 3 days to 3 weeks. The finding of decreased glutamic acid in the cerebellum of 3-acetyl pyridine treated animals is of particular interest in view of the observation that the climbing fibers, substantially destroyed by 3-acetyl pyridine, constitute an excitatory input into cerebellum. Our results offer evidence that glutamic acid may be the excitatory neurotransmitter of the climbing fibers. This observation supports the contention by Guidotti et al. (1975) , a contention based on glutamate's ability when administered intraventricularly, to cause an increase in cerebellar cGMP in both control and 3-acetyl pyridine treated rats.
Diminished taurine levels found in both cerebellum and medulla may be explainable by failure of taurine synthesis at the level of cysteine oxidation, as has been proposed by Perry et al. (1976) . It has also been suggested that the toxic effects of 3-acetyl pyridine may be due to the competition of 3-acetyl pyridine with nicotinamide for incorporation into NAD. Administration of nicotinamide has been shown to prevent the lethal effects of 3-acetyl pyridine (Simontov et al, 1976) . In vitro experiments have shown that 3-acetyl pyridine-NAD is only one tenth as effective as NAD as a cofactor for cysteine oxidase (Misra and Olney, 1975) .
Amino acid changes found by us in retina, namely substantial decreases in both glutamic and aspartic acids, are more difficult to explain. A fuller understanding of these changes awaits histological studies on retinae of rats treated with 3-acetyl pyridine.
In conclusion, ataxia produced by 3-acetyl pyridine is accompanied by changes in the concentrations of certain amino acids alleged to have neurotransmitter function. These changes are most pronounced in brain regions known to be selectively affected by 3-acetyl pyridine. This selective vulnerability of certain neurons to chemical changes may be of key importance in the understanding of degenerative diseases involving selective brain areas or fiber tracts. Whether the changes in concentration of the amino acids observed in the present study will be found to have similarities to those in the brains of patients suffering from olivo cerebellar atrophy (OCA) awaits further study. In the meantime, it is of interest that a recent report finds changes in taurine and aspartic acid in autopsied brain from two members of a family suffering from a dominantly inherited form of olivo ponto cerebellar atrophy (Perry et al., 1977) , a disease with a clinical symptomatology and course similar to that of OCA.
